The lubrication characteristics of four fluorinated polyether lubricants in the temperature range of 160° to 410° R were investigated in a modified five-ball fatigue tester using SAE 52100 steel balls and compared with that of a super-refined mineral oil at room temperature. There was no statistical difference between the fatigue lives obtained with the fluorinated polyether fluid and the super-refined mineral oil at 305° R and 590° R, respectively. This result indicates that at lower temperatures with the polyether, no derating of SAE 52100 in fatigue is necessary. Elastohydrodynamic lubrication was obtained with the fluorinated polyether lubricants at outer-race temperatures from 160° to 410° R, even where outer-race temperatures were lower than the pour points of the fluids. The operating characteristics of the fluorinated polyether fluids at cryogenic temperatures compared favorably iith those of the super-refined mineral oil at room temperature.
INTRODUCTION
With the forthcoming second generation spacecraft such as large orbiting space stations and reuseable shuttle craft, a need arises for long term operation between overhaul of components, minimum complexity, and ex,;remely high reliability. For most applications which use cryogenic systems such as fuel and oxidizer systems, life support systems, fuel cell systems, and auxiliary power unit systems, the need for reliable bearings has increased greatly. These systems include the short-duration (several minutes) of high-speed rocket turbopumps as well as the longduration runs (several hundred hours) of cooling system pumps with mode-rate speeds and loads [1-9 3 . Presently, systems of these types are lubricated by transferring a dry lubricant film from the hall-retainer (cage) pockets to the balls and subsequently to the races of the bearing during operation [5] [6] [7] . This "dry transfer-film" mcthod of lubrication pfovides only boliadary lubricz yl^n. Wear, therefore, occurs on the rolling elements as re11 as on the races of the bearing. This wear leads to early failure and re?atively short bearing life. In addition, wear in the ball pockets of the retainer car, be excessive [5] [6] [7] , which can lead to premature retainer failur:T and thus catastrophic failure of the bearing. A class of fluids which exhibits many of the properties required for cryogenic applications is the fluorinated polyethers [6] [7] [8] [9] While some of the fluid properties such as viscosity and heat-transfer characteristics are clearly defined, the ability of the fluid to provide adequate lubrication needs to be determined experimentally.
In addition to the above, at cryogenic teml-natures, the bearing materials used such as AISI 4400 stainless steel and SAE 52100 increase in hardness as the temperature decreases. As a result, phase changes can occur in these materials ,..hich may or may not be detrimental to the fatigue life of the rolling-element system. Additionally, it is known that, in general, fatigue life increases with increasing hardness E10-4.
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As temperatures decrease the hardness of the components increases and, thus, fatigue life may increase.
The research reported herein, which is based on the work reported In both cases, the outer-race temperature was maintained !,mstant.
In figure 9 , In addition to lubr.z:'%tion factors, wL.ch can effect life of the rolling-element system, nnterial factors are also a consideration.
Hardness is an important parameter. Generally, as hardness is increased, rolling-element fatigue life is also increased, although not necessarily commensurate with the increase in hardness. As temperature of a material is decreased, hardness is increased. In addition, there is a tendency for the retained austenite in the material to transform to martensite.
It has been speculated by many that austenite is detrimental to rollingelement fatigue . life [14] . However, there has been no actual experimental evidence to substantiate this phenomena. At cryogenic temperatures most of the retained austenite should be transformed to martensite. In addition, the applied stress influences the martensitic transformation. -4  260  _J  140  180  220  260  300  140  380  420  460  2601  OUTER RACE TEMPERATU  OR  300  340  380  420  460  LUBRICANT TEMPERATURE Lubricants, a super-refined naphthenic mineral oil at 590° R and fluorinated polyether at 305° R.
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